Mass spectrometry of the plasma effluent during Reactive Ion Beam Etching (RIBE) of AsCl3, AsC12 and AsCl are all detected as etch products for As, while GaC12 is the main signal detected for the Ga products. The variation in selective ion currents for the various etch products has been examined as a function of chuck temperature (30-100°C), percentage C12 in the gas flow, beam current (60-180 mA) and beam voltage (200-800 V). The results are consistent with AsC13 and GaCl3 being the main etch product species under our conditions, with fragmentation being responsible for the observed mass spectra.
INTRODUCTION
Comparatively little is known about the etch products for m-V semiconductors in high density plasmas, The prototypical system is Clz/GaAs, where extensive work on high vacuum ( -Torr) molecular beam experiments have identified the dominant etch products to be GaC13 and AsC13 for neutral-ion flux ratios >10 and nominal room temperature In the temperature range up to -3OOOC only GaC13, AsCl3 and As reaction products were observed. At higher temperatures GaCl3 and As4 were dominant.") McNevin(@ published a Clz/GaAs data base for the A.Hf and So values for all the potential etch products in this system and also found that GaCl3 and AsC13 should be the main products (eg. enthalpies for the mono-, di-and trichlorides of Ga were -14.6, -54.5 and -99 kCal/mol respectively at 298K). Ion-enhanced etching conditions produce removal rates for GaAs in C12 plasmas approaching those of Langmuir free evaporation", suggesting the ions provide enough local energy deposition to overcome kinetic barriers to the free evaporation process. Sugata and Asakawa'') found that the presence of C1 radicals lowered the temperature for the onset of etching of GaAs from -3OOOC in C12, to <200°C, while the addition of ions produced etching even at room temperature. This ionassistance also drastically reduces the apparent activation energy for etching, leading to non-Arrhenius behavior.
Tadokoro et al.' ' ) and Asakawa and Sugata"o) examined Reactive Ion Beam Etching (RIBE) of GaAs with an Electron Cyclotron Resonance (ECR) source. Maximum etch rates were -1.2pm.min" at 200V, but etch products were not examined. Eddy et.al.(") studied the temperature, ion flux and ion energy dependence of GaAs surface chemistry in a Cl2 ECR plasma and identified three mechanistic regions as a function of ion energy, namely thermal chemistry for <50eV, ion-assisted chemistry for 50-200eV and sputtering for >200eV.
In this paper we report on a study of the dependence of etch product intensity on plasma parameters in a RIBE system employing an Inductively Coupled Plasma (ICP) source. These Sources have been identified as having numerous advantages over ECR sources, including ease of tuning, better scale-up capabilities and absence of costly electromagnet^.('^^'^) Our results are c-0 0 DISCLAIMER This report was prepared as an account of work sponsored by an agency of the United States Government. Neither the United States Government nor any agency thereof, nor any of their employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any spccific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement. m o mmendation. or favoring by the United States Government or any agency thereof. The views and opinions of authors expressed herein do not necessarily state or reflect those of the United States Government or any agency thereof. consistent with AsC13 and GaC13 again being the dominant etch products under high density RIBE conditions. EXPERIMENTAL Unpatterned, nominally undoped (100) GaAs substrates were used for all experiments. The samples were mounted on a resistively heated Mo stage in the custom-built IUBE system described previo~sly."~) In brief, the ion beams were generated in an ICP source equipped with dual pyrolitic-graphite grids for extraction, Grid-sample distance was approximately 35 cm. The mass spectrum sampled from the plasma was recorded as a function of ion current, ion energy, chuck temperature and C12 percentage in the C12/Ar gas flow (total flow held constant at 15 standard cubic centimeters per minute). As part of a separate study to be reported later, the etch rates, surface morphologies and near-surface composition of patterned samples were also measured.('6)
RESULTS AND DISCUSSION
A typical mass spectrum recorded for etching of GaAs in a C12/Ar discharge at 3OoC is shown in Figure 1 . There are water and N2 peaks from the residual vacuum in the system, peaks due to the plasma species (Cl, Cl2, Ar) and peaks due to the GaAs etch products. The amu position of these species is shown in Table I . It is important to note that the overall spectrum is very similar to that reported by Eddy 
Species
Ga GaCl GaC12 GaC13
As AsCl AsC12 AsC13
Atomic Mass Units 69.72 (71) 106.45 (104)  141 (139,133, 145)  176.45 (174,178) 74 As beam voltage increased from -200 to -800 eV, the GaAs etch rate was found to increase from -400A-min" to -2,000 A-min-' in 100 mA, 7C12/3Ar discharges near room temperature. This was strongly correlated with the increase in product formation with ion energy (Figure 3) . The correlation suggests ion-assisted processes are dominating the surface chemistry under these conditions. In both the etch product mass spectrometer signals and etch rate data there was a saturation at the highest beam voltages, which is probably indicative of a transition to a reactant-limited or physical sputtering dominated regime, as also found in ECR etching.'"' Chuck temDerature ("C) Figure 6 . Variation of mass spectrometric signals for the various etch products as a function of chuck temperature in 7C12/2ArY lOOmA, 400V discharges.
